Abstract. Educational Games are increasingly popular in teaching as they have proven to be effective learning tools. Educational videogames are beneficial for all kind of students but we think they are especially suited for users with intellectual disabilities due to the opportunity of tailoring the content to their in-game performance. Adapting the game experience to the cognitive and learning abilities to this type of students also make videogames a powerful source of learning data. In this paper we introduce the GLAID (Game Learning Analytics for Intellectual Disabilities) Model, a theoretical adaptation of a more general analytics framework. It describes how to collect, process and analyze videogame interaction data in order to provide an overview of the user learning experience, from an individualized assessment to a collective perspective. But to obtain these goals it is necessary to take into account the restrictions and special needs of users with intellectual disabilities both in the learning design and in translating them into game mechanics and the corresponding observables that will be collected for the subsequent data analysis. We conclude with a discussion and considerations about the model and future steps to follow in our investigation.
Introduction
The impact of new technologies on education is changing the way teaching is occurring in the classroom as technology can ease a more active approach of the students in their own learning process. Videogames are increasingly used in education because of their capacity to engage the user, making the learning experience a more dynamic activity where the student needs to make decisions and learn from their effects. Educational videogames are attractive and engaging to students. Usually, videogames are designed to adapt the game experience to different users, offering different levels of difficulty or tailoring the content to the in-game performance [1] .
But videogames can also be used as research and/or measurement tool [2] , giving educators the opportunity of collecting information about the user's behavior and interactions within the game. A game, due to its highly interactive nature, can generate larger amounts of data than other tools [3] . When using an educational videogame, it is possible to record all the interactions of the player during the game session in order to track the evolution of the student and use that data to better understand or to improve the learning process. The processing and analysis of all that interaction data and transform it into valuable information for the student's assessment is the target that we pursue with the application of our model. The emerging field that address these aspects is called Learning Analytics (LA), defined as "the measurement, collection, analysis and report data about learners and their context, for purposes of understanding and optimizing learning and the environments in which it occurs" [4] .
The application of LA in educational videogames is called Game Learning Analytics (GLA) and combines the educational goals of LA with the tools and technologies from Game Analytics [5] . GLA is specifically conceived to facilitate the process of analyzing significant variables or observables (like playing time, level changes or goals achieved) to better understand how users learn and to provide a better assessment.
All these GLA processes of automatic collection and analysis of interaction data become even more important when the students are people with special needs. For instance, intellectual disabilities cause several communication problems [6] that can prevent educators to understand the way students are processing the information and the effectiveness of their learning experience. This makes very difficult to use standard game evaluations that are usually based on pre-post forms that users fill before and after playing the game.
In this article we introduce the GLAID Model as a variation of the classical Analytics Maturity Framework defined by the Big Data industry [7] . This model is intended to describe the different stages of data that educators and game designers can analyze from students with intellectual disabilities when they are playing a learning video game. The last section of the article discusses recommendations and next steps to follow this line of research.
2
The Importance of Game Design while Working with Users with Intellectual Disabilities: Restrictions, Requirements and Game & Learning Design
Users with intellectual disabilities have problems not only interacting with the game but also communicating the difficulties found while they are playing. As a result, we cannot fully rely on their testimony when we are evaluating their learning experience within the game.
Some of these communication problems can be troubles in ordering thoughts and language in a 'logical' layout; problems learning to listen and taking turns in conversations; difficulties using communication in an interactive sense or problems relating objects and actions to spoken or written words [8] . LA can help to address this issue by evaluating the adequacy of the learning experience to this kind of users through an indirect way: a data-driven analysis instead of a subjective responses analysis.
Creating an adequate learning videogame suitable for users with intellectual disabilities requires to have in mind all the player special needs that can affect the game mechanics. Defining the user characteristics and cognitive restrictions and translating them into formal user requirements is a pre-requisite to build an inclusive game design. That information would be used in the learning design and in the identification of information about the learning process that will be collected and analyzed. Therefore, a good design is essential to obtain meaningful data for a reliable assessment.
User features, either cognitive, psychological or motor, determine the learning methods to design the mechanics of the game (like the possibility of select the difficulty level adapted to each user or the use of a dynamic pop-up aid) and the interpretation of the collected interaction information.
Some of the user's restrictions and characteristics that designers should consider during the development of a learning game, specifically for players with intellectual disabilities, divided by psychological areas can be [9] [10] [11] : Table 1 . User characteristics related to intelligence, memory and perception, personality and motor skills Once we know what is distinctive in this type of users, the second step is to translate these characteristics into formal user requirements. Having specific cognitive accessibility guidelines, like the ones that appear in the standard WCAG 2.0 [12] or in the GAG [13] , can be used to streamline the design process. The application of the standards and a deep knowledge of the idiosyncrasy of the user and can minimize the number of backward changes in an agile videogame development. .
The Game Learning Analytics for Intellectual Disabilities Model
Once known the user unique characteristics and how this affects the translation of the learning design into game mechanics, next step would be working on creating an effective game design suitable for the users. The development should also include the traces of information needed for the students' assessment inside the code.
Since there are not reference guides to include GLA in videogames for players with intellectual disabilities, we adapted a classical analytics framework used in the business industry [7] to create our own model. We called it Game Learning Analytics for Intellectual Disabilities (GLAID) Model. This model describes what type of data would be useful to collect, group and analyze to provide an overview of the learning experience of each user from an individualized assessment to a collective perspective. The last step of the model is the prediction of the potential behavior of new players within the game and the evolution of the learning progress of existing users, attending to the learning experience, based on other users' historical data.
In this section we describe each step of the model and its correlation with each phase of the analytics framework. 
Individualized Learning Analysis
The first step of the GLAID Model is the Individualized Learning Analysis. This phase corresponds with the Descriptive Analytics stage. The goal in this phase is to describe and analyze historical learning data from the student's perspective.
In this phase, educators and game designers collect all the interactions of the user within the game to analyze which data are/are not relevant for future assessment. The real challenge of this stage is taking into account all the users' special requirements, the learning design and the game design to select the signals or game observables (i.e. variables) that can give useful information about the user's learning behavior. Once the variables are identified, educators can describe the trends of each student for a personalized assessment. The better the design is adapted to the cognitive features of the user, the easier the assessment can be settled.
Typical data to collect and analyze in this stage can be:  Timestamps. Generating a trace with data about when the user starts, ends, quits the game or stays inactive [14] provide relevant information about the level of engagement of the player, the effectiveness of the game design and the evolution of the learning process.  Level changes. Videogames are structured by levels, screens, missions or chapters.
Tracing each level status during a certain period of time can help educators and researchers to figure out if the student is understanding the purpose of the game and, as a result, if the learning experience is being successful.  Achievements vs Fails. Tracing the evolution of the ratio achievements/fails during several consecutive game sessions is a good indicator about how the user's learning experience is progressing.  User interactions. Any user interaction like number of clicks, heatmaps, number of times that the help button is pressed, time between clicks, number of attempts completing a task, etc. can be potentially useful for the assessment, giving a more comprehensive overview about the behavior of the student inside the game.
Data handling, visualization and interpretation is described below, in its own separate section.
Collective Learning Analysis
The next level of maturity in GLAID is the Collective Learning Analysis where the researcher and educator could identify causes of trends and learning outcomes of a group of users. In this stage, a collection of reports and statistics are generated from the perspective of a class, a group, or even more granular, a certain type of disability. As an example, we can obtain relevant information about the level of understanding of users with Autism Spectrum Disorder (ASD) tracing data and patterns throughout their common conducts inside the game.
The purpose of the clustering analysis is to diagnose learning outlines in different segments to obtain conclusions about how the learning process of different users with a common pattern has occurred. The game designer can obtain information about the adequacy of the game's mechanics to certain types of disabilities or groups of users (i.e. players with Down Syndrome between 10 to 15 years old that play twice a week obtain better results that those with ASD in the same range of age and playing three times a week). It can also be used to test the efficacy of some of the decisions made on the learning design.
Clustering methods or any other machine learning techniques can be applied in this stage to uncover patterns in the data that provide additional unknown information from the previous stage of the model.
Predictive/Prescriptive Learning Analysis
The Predictive Learning Analysis is the third and last phase of the model. It embodies a group of statistical techniques and analyzes current and historical data (obtained in the descriptive analysis and clustering analysis/machine learning phase) to make predictions about future learning outcomes [15] . To make accurate predictions it is necessary to collect data from a large population of users (which could be problematic in this case due to the specificities of the target users).
Data Handling
The information described above can be automatically collected and displayed in reports, but data visualization would differ depending on the recipient of the report and its final purpose.
Ideally, educators and researchers should be able to get insight about how the user has been playing within the game at a glance of the report, without directly observe the user playing. The analysis of the data collected can be done through two different perspectives:
1. Game Designer's perspective. The game designer is interested in collecting and analyzing all the states that the user can reach at any moment within a game session. The purpose of this analysis is to determine if the gameplay and mechanics designed are properly adapted to the user and effective for their cognitive, psychological and motor capabilities. 2. Educator's perspective. The educator is focused on each user learning experience and this report should provide the relevant data about it. Videogames can be considered as a new learning tool that offer useful information that may not be collected using traditional methodologies, like the exact number of failures/achievement in each learning session. Ideally this report should inform the educator if the user is learning or struggling with the game or at least help them to identify users that may need some extra support.
Conclusions and Future Work
Our paper proposes a model called GLAID (Game Learning Analytics for Intellectual Disabilities) that aims to incorporate different levels of data treatment into a learning game development for users with intellectual disabilities, like Down syndrome, mild cognitive impairments or Autism Spectrum Disorders.
Although the model proposed is theoretical and should apply to any development, some considerations about it deserve discussion: The game engine used for the development should allow collecting the observables to analyze the learning process. We are currently working on the development of a GLA module for Unity3D engine as part of the H2020 RAGE project that can address this issue and can work as an example to replicate for other game engines. Once this module is working, the application of the GLAID model to the data handling will be easier. But this still requires that the learning design and game mechanics should be specifically designed for the gamers that are going to use the videogame as a learning tool. As long as there is a wide range of cognitive conditions, it is not possible to fully standardize the game design process but the application of this framework step by step should provide feedback depending on the commonalities and divergences found in the target audience. The help of experts (not only psychologists, social workers or specialized teachers but also game and interactions designers) is essential to obtain a truly valuable learning game. The application of our model is focused on users with intellectual impairments, which struggle with several communication problems making the process of obtaining feedback of the player more complex and less reliable.
Next step in our investigation will be the evaluation of the GLAID model using a case study, a 3D adventure game currently under development called Downtown: A subway Adventure. The game exploits playful aspects to improve the learning process of young people with Down syndrome and other impairments to increase their autonomy using the public transportation system. We are currently finishing the game and selecting the variables and data that researchers and educators will need to evaluate the effectiveness of the game design and the user learning experience. Once the development is finished, users will test the game, data will be collected and analyzed and future conclusions and lessons learned about the model will be released.
